1. Introduction
===============

Gout is a common and chronic disease of deposition of monosodium urate crystals in synovial fluid and other tissues, which forms in the presence of increased urate concentrations.^\[[@R1]\]^ It has 4 pathophysiological stages of the progression: hyperuricemia without monosodium urate crystal deposition or gout, crystal deposition without symptomatic gout, acute gout flares, and tophi, chronic gouty arthritis, radiographic erosions.^\[[@R2]\]^ Despite the fact that hyperuricemia is the main pathogenic cause in gout, but many people with hyperuricemia do not develop gout or even form uric acid (UA) crystals. Hyperuricemia, nonetheless, has been an important chronic disease that threatens human health due to associate with an increased risk of multiple comorbidities and mortality.^\[[@R3],[@R4]\]^ Gout affects worldwide people, the prevalence ranges from 0.1% to about 10% in different countries,^\[[@R5]\]^ especially among the middle-aged and elderly population, also the prevalence and incidence of gout are increasing.^\[[@R6]--[@R8],\]^ Different regions have geographic characteristics, genetic factors, which predispose individuals to hyperuricemia or gout.^\[[@R9]\]^

In general, the prevalence of gout and hyeruricemia is higher in developed countries than developing countries, but it has been increased persistent in many developing countries.^\[[@R8],[@R10],[@R11]\]^ China is the largest developing country, with the economy and society developing in the last 30 years, people\'s living standard and life-style have changed greatly in most areas. Recent studies have shown that the prevalence of gout in many cities (Beijing, Shanghai, Qingdao, etc.) are increased.^\[[@R12]--[@R15]\]^ However, the level of socio-economic development in Tibet Autonomous Region, the southwest of China remains singularly low and little attention has been paid to the prevalence of gout and hyperuricemia in the population of it. Tibet is a distinct area, with an average elevation over 4000 m above sea level, which spreads all over grassland, bare rock and snow. It has a unique culture and traditional lifestyle-nomadic pastoralism.^\[[@R16]\]^ At the same time, obtaining data on this disease to improve medical and health status in this area is necessary. To our knowledge, the epidemiological survey of gout and hyperuricemia in Tibet is empty. Therefore, the aim of this study was to assess the prevalence of gout and hyperuricemia among middle and older adults in Tibet Autonomous Region of China.

2. Materials and methods
========================

This was a cross-sectional survey and the target population was aged 40 years and older living in the Tibet in southwest China. Luoma Town was randomly selected from total of 12 towns in Seni Communities, Naqu City, Tibet Autonomous Region. Luoma Town lies in northern Tibet with an average altitude above 4500 m. This area was considered on behalf of nomadic people in Tibet. The first step, one community was randomly selected from Naqu City. The next step, one town was randomly selected from the former selected community. The cluster (Luoma Town) contents 12 villages and all households in the cluster were included in this study. The study was approved by Peking University People\'s Hospital Health Science Center Ethics Committee and informed consent was obtained from all study participants.

2.1. Participants
-----------------

Trained health local professionals administered the survey questionnaires, as it was anticipated that many study participants would be illiterate and could not speak mandarin. All interviewers, clinical examiners, and laboratory tests were trained under the supervision of the study chief investigators. Data were collected at local Luoma Town Health Station, with trained interviewers going to enumerate face-to-face and interview all men and women with a questionnaire, aged 40 years or older, who were self-described residents of Luoma Town. Individuals who self-reported disability, mental disease, malignant tumor, clinotherapy, or egresses works and live away from home over half year were excluded from further participation. The questionnaire form, which includes sociodemographic status (e.g., sex, age, education level, etc.), ethics and marital status, was required to be completed.

2.2. Clinical examination and Serum uric acid test
--------------------------------------------------

Height was measured with a wall-mounted stadiometer, using the average of 2 measurements taken. Body weight was assessed using a beam balance scale with 0.1-kg precision. Two professionals administered the history-taking. Participants reported occurrence of at least one episode of swelling, pain, or tenderness in a peripheral joint or bursa were further examinations according to the American College of Rheumatology and European Against Rheumatism (ACR/EULAR) gout classification criteria by trained doctors from our hospital.^\[[@R17]\]^

Venous blood was collected from each consented respondent by medically-trained staff from the local institution based on a standard protocol. Participants were not asked to have fasted overnight. The centrifuged blood samples were stored in a deep freezer in the local health station. After samples were collected completely, the blood-based bioassays were performed at laboratory in local hospital. The serum urate levels were all determined using enzymatic method. And we retested the blood samples in other hospital used the same method. Then we checked two results consistency with intraclass correlation coefficient (ICC).

2.3. Definitions of gout, hyperuricemia, and other factors
----------------------------------------------------------

The definition of gout in this study was on the basis of new 2015ACR/EULAR classification criteria. Using sex-specific serum urate distributions to define hyperuricemia, serum urate level of ≥7.0 mg/dl (416.0 μmol/L) in men and ≥6 mg/dl (357.0 μmol/L) in women.^\[[@R18]\]^ The values for serum urate levels are reported in milligrams per deciliter and can be converted to micromoles per liter by multiplying by 59.48.

We divided all subjects into 4 age groups (i.e., 40--49 years, 50--59 years, 60--69 years, and ≥70 years). The levels of education attainment were classified as elementary school and below, middle school, high school and college and higher. Subjects were classified by body mass index (BMI) as underweight (\<18.5 kg/m^2^ =, normal (18.5--22.9 kg/m^2^), overweight (23--27.4 kg/m^2^) and obesity (≥27.5 9 kg/m^2^).^\[[@R19]\]^

2.4. Statistical analysis
-------------------------

Data was inputted and managed through Epidata software with double entry and validation, version 3.0 (Epidata Association, Odense, Denmark). All analyses and calculations were performed using SPSS statistical package, version 22.0 (SPSS, Inc., Chicago, IL). We used the mean ± standard error and proportions represented continuous variables and categorical variables respectively. Quantitative variables were summarized in terms of means and 95% confidence interval (CI). Differences between subjects were analyzed by Chi-square tests or Fisher exact tests for categorical data, if appropriate. Univariate and multivariate logistic regression analyses were used to estimate the odds ratio (OR) and 95% CI comparing associated influenced factors on gout or hyperuricemia occurrence. *P* \< .05 was considered significant.

3. Results
==========

This study was a population-based screening in Luoma Town, Naqu Ctity, Tibet Autonomous Region. A total of 2088 subjects were reported age≥ 40 years in this town. Of all these subjects, 256 were excluded from our study participation due to death, moving away, egresses working, and disability. The remanding 1832 subjects were enrolled, and 1458 (80%) of these subjects consented to enter into this study and completed it in September and October 2018. The consented participants were younger than those who declined to participate (mean ± standard deviation (SD), 53.0 ± 9.2 vs 58.5 ± 3.42, *P* = .106). Nine hundred eighty-nine participants completed all items of gout and 818 participants attended to be taken blood samples for serum UA levels test. The background characteristics of the gout group and hyperuricemia group participants were presented in Table [1](#T1){ref-type="table"}. In gout group, slightly more than half (53.08%) of subjects were men and the mean age of whom (52.01 ± 8.31) was almost equal to women (52.35 ± 8.71). The percentage of Tibetan was approximately approach to 100%. For education distribution, most of men and women only receive elementary or seldom have any formal education (98.89%). The mean BMI of women was greater than men, but all of them are overweight. These characteristics of hyperuricemia group were similar to the gout group.

###### 

The characteristics of participants in this study.

![](medi-99-e18542-g001)

The ICC of 2 blood sample test results was 0.9 which means the blood uric acid result of local hospital was credible. The overall crude prevalence of gout and hyperuricemia was approximately 3.03 per 1000 persons and 18.3 per 1000 persons respectively. It was more prevalent in men than in women (2.86% vs 0.75%, *P* = 0.034) in hyperuricemia group. The age-standardized prevalence of gout and hyperuricemia were 0.26% (95% confidence interval (CI): 0%--0.60%) and 2.05% (95% CI: 0.99%--3.44%)(Table [2](#T2){ref-type="table"}). We examined the association of each factor (age, ethnicity, education, obesity) with the odds of gout and hyperuricemia, for overall and sex-specific. But there was no significant result.
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The prevalence of Gout and Hyperuricemia.
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4. Discussion
=============

In this population-based study of the middle-aged and older people in Tibet region, the age-standardize prevalence of hyperuricemia (2.05%) was lower than the level of Mainland China (6.2%) based on China Health and Retirement Longitudinal Study (CHARLS).^\[[@R20]\]^ In that study, the prevalence of hyperuricemia was 7.8% in men and 4.8% in women by the definition of UA level (higher than 7.0 mg/dl and 6.0 mg/dl respectively). In our study it was 2.65% in men and 1.49% in women according to the same criteria. That was significantly lower than CHARLS results. Sex hormones may explain the difference between the sexes and hyperuricemia was still a male-dominated disease. Previous studies have presented that the prevalence of hyperuricemia differs in different regions of china, which suggest the etiology of this disease was influence by both gene and environment factors.^\[[@R18]\]^ The geographical environment of Tibet area is different from inland or coastal areas of China due to the high altitude and alpine climate which means their food resources and diversity are limited.^\[[@R21]\]^ They prefer to eat yak meat, yak buttermilk tea and highland barley. At the same time, a study shown that native Tibetan adults' alcohol consumption rat was near 50%, which is higher than the average of the nation.^\[[@R22]\]^ Hyperuricemia is one of the metabolic diseases related to dietary habits. To our knowledge, certain food like alcohol, fat-rich diet and yak meat containing rich purine can increase the risks of hyperuricemia.^\[[@R23]\]^ Qinghai province, located in Qinghai-Tibet Plateau has similar environment factors and lifestyle to Tibet, with a moderate prevalence of hyperuricemia (5.2%).^\[[@R20]\]^ In addition, Xin et al reported that there is a high prevalence of hyperuricemia (37.2%) in Ganzi Tibetan Autonomous Prefecture, which border on the Tibet Autonomous Region.^\[[@R24]\]^ Interestingly, our study obtained the opposite result. The most likely reason is construction of ethnicity (Han 20.90%, Tibetan 69.50%, Yi 9.70%) in that study was different from our study (Tibetan 99.8%) with a high percentage of farmers-herdsmen. Therefore, our study participants represented the prevalence of hyperuricemia of Tibetan ethnicity in nature nomadic area. The serum uric acid level is affected by race and the prevalence of huyperuricemia is more prevalent in cities than that in rural areas.^\[[@R18]\]^ At the same time, recent study shown that genetic variants have a much greater contribution to hyperuricaemia in the general population than dietary exposure.^\[[@R25]\]^ This may explain the different prevalence in these studies, but further research is necessary.

Gout is a systemic disease due to deposition of monosodium urate crystals in tissues when the serum uric acid is above a specific threshold. The dietary habit of Tibetan is the risk factor of gout as well. In this representative sample of Tibetan nomadic adults, the age-standardized prevalence of gout was 0.26% totally, 0.49% in men and not found in women. Previous epidemiological studies have shown that the prevalence of gout varies from 0.43% to 1.53% among geographical regions in China and a meta-analysis pooled prevalence of gout was 1.1%.^\[[@R15]\]^ Noteworthy, the prevalence of gout in Tibetan area was lower than other regions of China, and the sexual diversity was the same as the previous studies even there was no statistical significance.^\[[@R26]\]^ In that meta-analysis, however, the individual studies were generally small-scale local investigations and the majority (71.0%) participants from the urban area.^\[[@R15]\]^ In other words, gout is more common in economically developed areas, such as urban areas.^\[[@R10]\]^ At the same time, the varying prevalence of gout suggests race, gene and metabolism may influence the pidemiology of gout. MacFarlane et al. found that the race and ethnicity changed the risk of developing hyperuricemia and gout.^\[[@R27]\]^ In addition, many studies support the existence of familial aggregation of gout is strong.^\[[@R28],[@R29]\]^ Tibet is isolated from inland China and the highlanders have lived there for generations, which means they have distinct genetic backgrounds with a lower level of heterozygosity, and a higher level of runs of homozygosity.^\[[@R30]\]^ Maybe this could at least explain the lower prevalence in Tibetan areas even with the risk factors.

Our study is the first large-scale population-based survey to demonstrate the prevalence of gout and hyperuricemia of the middle-aged and elderly population in Tibet Autonomous Region. Almost all the participants of this study are Tibetan race. Thus, the findings are generalizable to describe the prevalence of aborigines in Tibet.

5. Limitations
==============

This study has several limitations. First, it was a cross-sectional study, which could not provide any information about the cause and effect. Further studies are required to investigate the findings. Second, we did not ask participants to fast overnight before venous blood collection, which may cause the increasing of the rate of false positives. Third, the data of dietary and medication use was not included, which is an important component of the level of uric acid. Thus we were not able to assess whether the level of uric acid was influenced by purine-rich food and medication use. Tough Tibetan people give priority to meat, fat-rich food and alcohol, the prevalence of gout and hyperuricemia were still lower than excepted results.

6. Conclusion
=============

In conclusion, the prevalence of gout and hyperuricemia is relatively low in Tibet Autonomous Region, China. Based on previous studies, it maybe related to the ethnicity, genetic, and environment factors. Consequently, these findings will be useful for the future researches and health care strategies. But large well-designed multicenter epidemic investigations are required.
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